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Introduction 48
Brominated flame retardants (BFRs) have numerous applications in indoor 49 environments and are found ubiquitously in indoor air and dust, leading to human 50 exposure and resultant concerns about adverse health impacts. As the majority of 51
BFRs in current use are incorporated into the product using an additive process they 52 are considered loosely bound to the product and are hence available for possible 53 migration from the treated product to dust in particular, via different mechanisms. 54
Hypothesised pathways of BFR migration to dust include: (1) volatilisation of BFRs 55 from the treated product with subsequent partitioning to dust; (2) abrasion via 56 physical wear and tear of the treated product, resulting in the transfer of particles or 57 fibres of the treated product directly to dust (Wagner et. al., 2013, Webster et. al., 58 2009); and (3) transfer via direct contact between the treated product and dust 59 (Takigami et. al., 2008) . (1-5 years) have higher PBDE intakes than adults, and that a combination of ingestion 75 and dermal contact with indoor dust contributes 82% of overall total adult exposure of 76 tri to deca PBDEs (Lorber, 2008) . pathway has yet to be studied. The mass transfer of phthalates, another class of semi-87 volatile organic compound (SVOC), from wall paint and vinyl flooring to dust has 88 been investigated in modified chambers (Clausen et. al., 2004 , Schripp et. al., 2010 . 89
These studies demonstrated the migration of phthalates to dust occurred via both 90 volatilisation with subsequent partitioning to dust, and via direct transfer as a result of 91 contact between the source material and dust. This study for the first time investigates 92 experimentally, the migration of higher molecular weight PBDEs (particularly BDE-93 209) from a model source to dust via three different migration pathways, using an in-94 house test chamber. The contribution of each pathway to total PBDE dust 95 contamination is discussed, highlighting areas for future chamber experiments. 96 97
Materials and Methods 98

PBDE treated plastic TV casing and low concentration dust procurement 99
The model source used in this study consisted of plastic TV casing, treated with 100
PBDEs. It was received as small triangular pieces each weighing ~100 mg from the 101 National Institute for Environmental Studies (NIES), Tsukuba, Japan. The sample was 102 a composite of 50 cathode ray tube (CRT) back casings (high impact polystyrene) that 103 had been melted and remoulded to form a material for interlaboratory tests. Four 104 replicate analyses of the TV casing by NIES using methods reported previously 105 (Takigami et al, 2008) , determined the concentrations of PBDEs in the sample, listed 106 in Table 1 . The higher RSDs (> 20%) of some congeners suggest a degree of 107 inhomogeneity in the distribution of these compounds throughout the TV casing. 108
109
In order to more easily detect increments in PBDE concentrations in dust as a result of 110 emissions from the model source, all experiments in this study used a dust sample 111 containing low concentrations of PBDEs (ΣPBDEs = 280 ng g -1 ). This was derived 112 from a vacuum cleaner bag taken from a private residence in Belgium in 2012 and 113 stored at -18 ˚C thereafter. The dust was sieved at <500 μm before homogenisationvia vortexing. Concentrations of PBDEs in this dust, determined from repeat (n=9) 115 analyses are provided in vent to collect analyte emissions in both the gas and suspended particulate phases. 140
The chamber was maintained at the desired temperature by immersion in a hot water 141 bath with chamber internal temperature monitored using a LogTag TRIX-8 142 temperature data logger (LoggerShop Technology, Dorset, UK). The chamber 143 configuration is illustrated in Figure 1 and experiments run for: (a) 24 hours at 60 °C, and (b) 1 week at room temperature 149 (22 ± 1 °C). The 60 °C maximum temperature scenario was chosen to represent a high 150 emission case of an electronic item heated during operation (Kemmlein et. al., 2003) . 151
Post experiment, the dust was analysed for concentrations of PBDEs. 152 153
Experimental design for investigating abrasion. 154
The test chamber was next utilised to investigate migration via abrasion of particles to 155 dust. The experimental configuration employed for this purpose is illustrated in Figure  156 2. The removable aluminium shelf was placed 3 cm above the chamber floor and a 157 
Experimental design for investigating transfer via direct contact between source 181
and dust particles 182
The chamber experimental design was modified to investigate migration pathway (3) 183 and the experimental design is illustrated in Figure 3 target PBDEs in the TV casing, such that any casing particles transferred would make 276 a negligible impact on dust concentrations. We have reported a similar effect in 277 chamber experiments examining HBCD transfer from a fabric source to dust (Rauert 278 et al., 2014b). However, we recognise that such air flow induced abrasion is less 279 likely for the TV casing studied here. In conclusion, these chamber experimentssuggest that migration from plastic TV casing to dust, of PBDEs consistent with 281 treatment with the Deca-BDE formulation via volatilisation and subsequent 282 partitioning to dust is minimal. We emphasise however, that our earlier work (Rauert 283 et al., 2014b) suggests strongly that such migration will likely be substantial from 284 source materials containing elevated concentrations of PBDEs more volatile than 285
those present in the material tested here, in which BDE-209 predominated. 286 287 Table 3 would be expected to suffer even more extensive abrasion. There are many 345 uncertainties associated with these calculations, including the assumption thatabrasion via contact with a rotating stir bar is representative of 'real world' abrasion. 347
Test chamber experiments for abrasion of particles to dust 288
While acknowledging such uncertainties, the abrasion induced in these chamber 348 experiments represents a first attempt to imitate migration via abrasion from a product 349 treated with BFRs into dust and relate the migration to a 'real world' scenario. 350
Abrasion will also depend on factors such as: the product material (e.g. plastic or 351 fabric), how and how often the product is used, as well as its age and extent to which 352 it is exposed directly to UV light and consequent weathering. We conclude from our 353 studies that the ease with which abrasion can be replicated in these chamber 354 experiments, suggests it is a feasible migration pathway. 
